Abstract:In this study, we modified the old type of electro-controlled mechanical Jacquard looms for the carpet weaving industry by substituting a Jacquard controller with a modern computer running software called the "Weaving Control System", which has also been developed in the context of this study. By this modification, the Jacquard controller, which requires expensive electronic components and maintenance, has been discarded, and a contemporary computerbased solution that is easy to control and use, and cheap to install and maintain, has been employed in the place of the Jacquard controller. Even though the proposed solution has been tested on the Schleicher-type Jacquard, it is compatible with many different kinds of Jacquard machines. The new control system for the electro-controlled mechanical Jacquard loom with all of its components, which are hardware and software as a whole, has been realized on a real electro-controlled mechanical Jacquard loom.
Introduction and background
A Jacquard loom is a type of loom whose principle of operating is based on lifting each warp regarding a specified sequence to create a specific design on the fabric [1] . This specific design, which also led to the development of digital computer technologies, used to be punched on special cards [2, 3] . The Jacquard is an attachment to the weaving machine that consists of three main parts, which are the engine, harness, and a mechanism connecting the engine to the weaving machine as the Jacquard loom is a loom having a Jacquard to fulfill the weaving process [4] . Jacquard machines are divided into two groups, which are mechanical and electronic [5] . Since there are only a few firms producing Jacquard machines with different operating speeds, Jacquards are called by the producer's brand, such as Schleicher, Van de Wiele, Bonas, and Stäubli [6] . As well as mechanical and electronic Jacquards, there are electro-controlled mechanical Jacquards in the weaving industry. These machines are originally mechanical Jacquards whose punch cards are converted to selection boxes to fulfill the weaving process.
In the literature, there are a few academic studies on the modification or modernization of mechanical or electro-controlled mechanical Jacquard looms. In [7, 8] , the studies are mostly focused on the modernization of conventional mechanical Jacquards by substituting punch cards and Jacquard controllers with a personal computer (PC) running communication software and selection boxes. On the other hand, the software that has been developed in our study enables the loom operator of the electro-controlled mechanical Jacquard loom to observe the instant weaving process and weaving parameters such as weaving speed, weaving efficiency, and position of the rapiers, and it even points out the exact location of a possible weaving failure on the carpet while the studies in [7, 8] do not.
In [9, 10] , a Jacquard is controlled by a computer, a data acquisition card, and a PLC. Even though these similar studies provide a graphics treatment module (visual interface), online monitoring module, and Jacquard thread module for the operator, they do not provide the logging module and step finding signals as accomplished in our study. They also cannot provide the operator with the ability to choose different types of and numbers of weavings.
In [11] , the Jacquard mechanism is controlled by the help of a microcontroller and a CPLD. Since its graphical interface is limited by the graphics library of the corresponding microcontroller's library, it cannot provide a powerful visual interface for the user. Due to the weak visual interface, it does not allow the loom operator to observe weaving parameters such as weaving efficiency, weaving speed, or expired weaving time.
Because in simultaneous weaving different sorts and numbers of designs on the same Jacquard is a vital issue, the study in [12] is weak compared to our study even though it allows a visual interface, error detection, and reed pattern for the user. It is also not clear what types of weaving parameters are observable in [12] .
Current electro-controlled mechanical Jacquard looms that are not modified do not allow the operator to observe the instant weaving with the weaving parameters described above or to load the weaving data with modern storage devices such as a compact disk (CD), flash disk, or portable hard disk while they allow only unreliable magnetic storage devices, which are floppy or zip disks. Consequently, operators of the electrocontrolled mechanical looms may have to compress and divide the weaving data into parts in a few floppy or zip disks to be able to store, decompress, and unite the weaving data in the controller of the electro-controlled mechanical Jacquard loom via special programs. Because the controller of the electro-controlled mechanical Jacquard loom was replaced with a PC in our study, any modern storage devices can be used to store the weaving data and there will not be any obligations to divide and unite weaving data if a storage device having sufficient capacity is provided. Furthermore, the operator of the corresponding loom can observe the instant weaving process with its parameters on visual software. Figure 1 summarizes the entire study and a basic comparison of the old and new control systems.
Since the number of mechanical and electro-controlled mechanical Jacquard looms is declining, the firms producing these machines or the ones producing spare parts for these machines are less eager for services than they were a few decades ago. Hence, carpet producers have to pay more and more for these spare parts and maintenance services now that the number of maintenance service and spare parts suppliers is decreasing. In the event of a possible failure of these machines' controllers, carpet producers may have to wait for the required maintenance service or the spare parts for up to for a few weeks or even more because spare parts of these machines are not produced in Turkey even though maintenance service can be provided. With the help of our study, any possible failure that may occur in the system requires much cheaper maintenance and spare parts compared to old systems due to their complex structures, and the firms owning the electro-controlled mechanical Jacquard looms can compete with the ones owning modern electronic Jacquard looms.
Hardware

Selection box and solenoid matrixes
A selection box can be described as the unit that all solenoid matrixes unite [13] . The selection box that is mostly used in the carpet weaving industry and we have used during this study is a selection box with 1344 hooks. One-third of the selection box has 16 solenoid matrixes, as in Figure 2 , and the inside of a solenoid matrix in Figure 3 can be seen individually. The solenoid matrixes operate with respect to the principles of "converse or reverse piezoelectric effect", which means the deformation or straining of the piezoelectric material under the effect of an electric field [14, 15] . The voltage value of one side of the piezoelectric material is kept constant at 135 V DC and the other one is variable. When the weaving data are logic 0, which means no action, and also 0 V DC, the hook remains stationary because the piezoelectric material is not strained and does not let the hook in through the hole. At logic 1, which also means action and 5 V DC, 5 V DC is raised to 270 V DC via a Darlington pair and the resulting voltage is applied to the other side of the piezoelectric material. Circumstances that may occur due to variations of weaving data can be seen in Figure 4 . 
Sensors
There are two photomicrosensors, which are coded as EE-SX670, dark-on state, connected to an encoder on the Jacquard machine and symbolized as T 1 and T 2 .These sensors provide the information for the PC about the electro-controlled mechanical Jacquard loom's operation. The information about the electro-controlled mechanical Jacquard loom as to whether it is operating or not (ON or OFF) is sent by the T 2 sensor and information that means the electro-controlled mechanical Jacquard loom is ready for weaving is sent by the T 1 sensor. Hence, the electro-controlled mechanical Jacquard loom is not initiated unless the states of T 1 and T 2 are both logic 1.
Any failure that may occur in the Jacquard loom can be very damaging to the input/output (I/O) card and the PC now that the amplitudes of control signals of the electro-controlled mechanical Jacquard loom and the PC are different. Therefore, two TLP521-4 photocoupler chips have been employed to handle the isolation and voltage level adjustment.
Input/output (I/O) card
The I/O card that has been employed during the study uses the PCI bus of the PC and has 2 distinct channels, each having an Intel 8255 Programmable Peripheral Interface chip with four configurable ports as input or output, and can operate at up to 10 MHz. Each port on the channels can receive or transmit maximally 8-bit wide data. Channel 1 has been allocated to transmit the weaving data to the electro-controlled mechanical Jacquard loom while channel 2 is allocated to receive the sensor signals and transmit control signals, which are start, stop, and step finding signals. The step finding signal is a special signal that is used to match start points of the reed of the electro-controlled mechanical Jacquard loom and the weaving data. It is controlled by the loom operator by rewinding or forwarding the reed of the electro-controlled mechanical Jacquard loom. The corresponding I/O card in Figure 5 and the sketch of the operation of it in Figure 6 can be seen individually. Jacquard drivers and selection boxes are abbreviated as "Jac. Drv. X and Sel. Box X" in Figure 6 . 
Jacquard driver
The Jacquard driver provides an interface between the electro-controlled mechanical Jacquard loom and the PC. The Jacquard driver is responsible for buffering the 8-bit wide weaving data to 16-bit wide data since the design image is in bitmap (BMP) format with 16-bit color depth and supplying power for the selection boxes. Due to the hardware limitations of the Jacquard driver, one Jacquard driver can handle three selection boxes at most. In the circumstances that there must be more than three selection boxes, a second one must be employed to handle the carpet weaving process, as it is in our study. It can be seen as "left side and right side of the loom" in Figure 6 . The interfacing Jacquard driver with a selection box can be seen in Figure 7 . 
Software
General features
The most innovative part of this study is the visual software developed in the context of the study. Such software is available in modern electronic Jacquard looms such as those by Bonas and Van de Wiele, whose costs can reach up to a million euro.
The software, which we call the "Weaving Control System", holds the statistical data of exact start and stop dates in log files, displays the instant speed of the electro-controlled mechanical Jacquard loom in terms of weft/min, draws statistical graphics about the operation of the electro-controlled mechanical Jacquard loom if desired, and calculates the expired time and efficiencies of the electro-controlled mechanical Jacquard loom. The organization of the Weaving Control System can be seen in Figure 8 . The programming language used to develop the software is Visual C#, which is available under the platform of Microsoft Visual Studio.
General process of weaving control system
In the Weaving Control System, every weaving cycle is described as a job, which means one cycle of work accomplished by the computer such as printing a document, getting input data to process in a program, and writing data to a compact disk [16] .
Communication between the electro-controlled mechanical Jacquard loom and the software is initialized with enable signals received from the T 1 and T 2 photosensors after the electro-controlled mechanical Jacquard loom operator places the carpet designs to be woven, inputs the Jacquard parameters and number of cycles of jobs, and pushes the start button. The entire process of the Weaving Control System is seen in Figure 9 . During the operation of the electro-controlled mechanical Jacquard loom, instant carpet weaving and carpet designs in bitmap format with 16-bit color depth can be observed, as seen in Figure 10 . The width of the reed of the electro-controlled mechanical Jacquard loom is 4 m and the reed is composed of 1280 dents as commonly used on electro-controlled mechanical Jacquard looms in the carpet weaving industry of Turkey. During the operation of the electro-controlled Jacquard loom, lots of required information about the weaving process is displayed to inform the loom operator, as seen in Figure 11 .
An online programming technique has been used during the programming and controlling Jacquard mechanism since all the required tests were performed on the Jacquard mechanism itself [17].
The term "street" is used to describe the path of each carpet's production line, as can be understood from Figure 9 .
Conclusions
Because no improvements have been realized in the operation of the Jacquard mechanism due to its mechanical limitations, no calculable or measurable performance improvements have been achieved yet. The real performance improvement that has been achieved by this study is its easiness, flexibility, visuality, and decreased maintance, spare part expenditures, and dependency on imported sources. Real calculable numbers in cash will be obtained in future work.
A corresponding electro-controlled mechanical Jacquard loom has been chosen deliberately to be able to verify the usability of the new control system. The electro-controlled mechanical Jacquard loom used in this study has the specifications shown in the Table. Even though the experimental tests were performed on a Schleicher Jacquard, many electro-controlled mechanical Jacquard looms such as those of Van de Wiele JRT and Tekstima (Schöner) are compatible with this new control system because the Jacquard parameters are adjustable through the software developed. This new control system with all of its components, which are hardware and software, has been installed on electro-controlled mechanical Jacquard looms mostly in Gaziantep and it is known that there are many more electro-controlled mechanical Jacquard looms that are compatible with this new control system existing in other countries producing carpets such as Iran, Mongolia, Kyrgyzstan, and Kazakhstan. Additionally, the presence of electro-controlled mechanical Jacquard looms in those countries raises the potential of exports for the Turkish economy. As future work, porting its user language is being planned according to the desired language. 
